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High electron mobility transistor based on a GaN-Al Ga. N heterojunction 

M. Asif Khan, A. Bhattarai, J. N. Kuznia, and D. T. Olson 

APA Optics Inc., 2950 N. E. 84(h Lane, Blaine, Minnesota 55449 

(Received 22 March 1993; accepted 30 June 1993) 

In this letter we report the fabrication and dc characterization of a high electron mobility transistor 
(Hf-M T) based on a ;7-GaN-AlQ i4GaQ g^N heterojunction. The conduction in our low pressure 

metalorganic chemical vapor deposited heterostructure is dominated by two-dimensional electron gas at 
the heterostructure interface. HEMT devices were fabricated on ion-implant isolated mesas using Ti/Au 
for the source drain ohmic and TiW for the gate Schottky. For a device with a 4 jam gate length ( 1 0 |,im 
channel opening, i.e., source-drain separation), a transconductance of 28 mS/mm at 300 K and 46 
mS/mm at 77 K was obtained at +0.5 V gate bias. Complete pinchoff was observed for a -6 V gate bias. 
Applied Physics Letters is copyrighted by I he American Institute of Physics. 
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Recent advances in Group Ill-V nitride device development include the 
demonstration of high-brightness blue light-emitting diodes as described in the 
publication by Nakamura et al. entitled Candela-Class High-Brightness 
InGaN/AIGaN Double-Heterostructure Blue-Light-Emitting Diodes, Applied Physics 
Letters, Vol. 64, pp. 1687-1689, 1994. A second group of researchers has 
demonstrated transistor structures based on Group Ill-V nitrides as described 
in the publications by Khan et al. entitled Metal Semiconductor Field Effect 

Transistor Based on Single Crystal GaN, Applied Physics Letters, Vol 62, pp. X A\/fH l-^^^ 

1786-1787, 1993 and High Electron Mobility Transistor Based on a GaN-AI sub x ^^/A^y 
Ga sub l-x N Heterojunction, Applied Physics Letters, Vol. 63, pp. 1214-1215, ^ 

1993. ///sr/^ 
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Al/3a,.^ via il> tonUe M eV at x»0 to 
« eV M x-1) irtde iip « iderfly "ritol dcvkx» 
in vUde nd vbnmofet iM of the ipeiML IIS wi^ 
bad the IvMr nmhli^ iHliae of AIN,' nd the 
potMliri of iM tai»ii i cti oa tthriMtfog' lariBe it » good 
choice for Iriili tOBpentore liilli pe^^ 
dicmtt.' Reoea^y eewnl poofm*^ o«b* have 

imirtMtinir dKaml ^wpor depori ti o n of 
vrjn*^ Qtii thm wtvt^ ^ 
stiaick We have ate icpocled Um fobricatioB and diano^ 

teiiatiaa of a metal lldd-dfoctmanMtor bawd on mdi 
Kijh qoality a-GaN fifana.^ Inteifocial oonductkin dne to 
biili mobmty twoHltBieBiional (2D) aectnm gae hat abo 
been denamtnted* in OaN-Al^^i.^^ heterqiinK^lkios. 
We now report the fobrication and dc characte ri aa t io n of 
bigb det^nn mobOi^ tfao^ton (HEMTs) based on 
thew heterofunctkmt. 

Ilie cpibycr itnictnre for oiir HEMT device is ihown 

in 1. It coniists of a a6^an-4hick n-OaN channel with 
a lOOO-A-thicfc cap Uisfa of a-^ype Alai4P%iLSiN. The 
•tructura was deposited over s basal i^ane sapphire tub- 
stiate wing kiw pressoce metakngvUc chemical vapor dep- 
oeatioo with triediylgsmum, triethyhdummnni, and anuno- 
nia as the precuisors. The details of the substrate cleaning 
snd the growth procedure are limilar to those described in 
a previous report* After deposition, the heterostnictnre 
was dMiaclerind for its thickness and the cap layer aUoy 
ffmqwtHk- using suffooe reflectivity and photoUimines- 
oence (PL). A pidsed exdoMr laMr was used for the PL 
measiiKmeDti. tlw «heet carrier density end the dectron 
mdbOitics were then meaiored at 300 and 77 K using the 



HaD-VM der Ptaw tachniqoe. These nwasmed vabNS are 
listed hi T^ L Also incfaided in Tsfele I are the measured 
dectran canier deantia and mbbOities for a sfatg^ a6- 
lan-ducfc OaN and a lOOCV-A-thIck Alai^hgj^ 1^^- 

As before,' based on quantum Hall and Shuboikov de 
Hass measurements, we aoign the high electron mobility 
vahMS in GaN-Alai^OaoMN heterostroctore to hrterfodal 
2D dectran ges oonducthm. 

Figure 2 shows the pton and cross-se ct fonal view of 
one of our HEMl devkxs. It was fSri»ricated on 100X200 
foa mesa that was electrically isolated using proton fan- 
plants. We measured the mesa to mesa resistanoe to be 
around 1 MO and hence wdl m excess of our chsnnd 
tesistsnoe. For devwe fobricatkm we used standard lift-off 
piooedufCB. TVAtt (25 A/ISOO A) was used as the ohmh; 
metaUizttkm for source and drsin contacts. These were 
subsequently annealed at 2S0X: for I mm ui flowfatg form- 
uig gss. The ^ was formed ushtg TiW as the contact 
metaL 

For the device UI Fig. 2, Fig. 3 ihows the drafai-flouioe 
current Un) as a ftmctkm of the drafat-souroe voltage 
(Kns) for vahies of gatMHuoe voltage (Kqi) rangfaig 
ftom +0.5 to -2 V at 300 K. Fbr this devwe the gate 
length and wklth were, respectively. 4 and 50 fim. The 
channel opemng (souro&4ram distance) was 10 fim. As 
leen from Fig. 3. for a 5afun-k)ng gate, we measured a 
wtonted dram current of 2 mA for a 0 V gate bias. Usfaig 
the mturated dram current vahie at a gate bias of +a5 V 
we estfanate the tfansoooductanoe of our devfce to be 28 
mS/mm (gate length 4 /im fai a lO/im channd openfatg). 

Figure 4 shows the sourochdrato characteristk curves 

(for varyfaig gate voltages) at 77 K for the same device 
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FIG. *. Ptan tnd croo^ectioiul view of tabriwted HEMT 

Shown in Fig. 2. As before the 77 K transducUnce is esti- 
J^;^ Z be 46 mS/mm. From Tabic I we estimate a va^^ue 
of 1 78 for the ratio of the sheet carrier dci^ of mob^ 
product (conductance) at 77 and 300 K. This » m g«)d 
agreement with the measured tnuisconductancc ratios 
(1.64) for our HEMT device. . . .u.r 

In summary we describe the fabncation atd dc char- 
actcrization of a high electron mobiUty transistor based on 
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FIO 4 ChtrKtemtk / curv« for HEMT Oev^e »ho*in« /„ • 

with. lO^m channel opening and agate l»gth«Hlw^,h 
of 4 «,d JO Mm. n»P«tively (gate voltage +a5 V V T1.B 
incre«» f. « »altte of 46 mS/min at T7 K. We found a 
g^S^eement with the 77 «.d JOO K t«n«onductt«« 
SSo wUh the vriue, estinuted from Hall ^f^^^f^^^ 
sity and mobility valUea. To the be.t of our knowledge tlm 
^Vfir.. report of a HEMT devK* ba«d on the wide 
band-gap AI,Ga,.«N material jyatein- . 
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